A production equation was developed for the Mor-Bell logger for skidding while thinning a ,loblolly pine plantation. Production and costs for skidding and iron gate delimbing were determined for a range of operating conditions.
INTRODUCTION
The Mor-Bell logger' is a recently introduced machine with a trianglar (3 wheel) configuration. It has several possible applications in timber harvesting. Although originally designed for loading sugarcane in South Africa, the converted machine can be used in forestry operations to skid, load, unload, prebunch, or feed a chipper. The ,logger is being marketed to interface with existing harvesting equipment such as between a feller buncher and skidder or skidder and processor. Taylor (1978) evaluated the logger as a pulpwood forwarder in coniferous thinning systems in South Africa. He found that overall simplicity, 'low operating costs, maneuverability, and high production capacity for its size made it a very useful machine.
The objective of this study was to determine the skidding production rates for the Mor-Bell logger during a thinning application. Although the logger is not designed specifically for skidding, it is impor-'The use or mention of trade or corporate names is for reader convenience and is not necessarily an endorsement by the U.S. Forest Service. tant to-determine its skidding production and costs since it does have potential to perform this function.
The logger does not have a steering wheel, clutch, or brakes; instead there are two ,large independent hydrostatically powered and controlled drive wheels in front and one small castor wheel in the rear. The direction and speed of the drive wheels are controlled through bidirectional foot controls. The machine has excellent maneuverability since it is possible to have one drive wheel rotating forward while the other is in reverse.
A boom and grapple assembly is hinged above the cab on a cross member. When traveling forward the operator has excellent visibility. However, when traveling backward as in skidding, the operator visibility is reduced due to the location of the fuel tank 
SYSTEM DISCUSSION
Other equipment in the operation consisted of one skid-steer feller buncher and a knuckleboom loader. The system was operating in a loblolly pine (Pinus taeda) plantation on the southern coastal plain of South Carolina. The method of harvesting included clearcutting access corridors at 100 ft intervals and selectively thinning within the strips. Felled trees were placed in bundles containing from one to four stems with the tree butts generally oriented toward the landing or nearest access corridor.
The logger consolidated the bundles in the stand when necessary and then skidded by way of the corridors. Skidding proceeded from the landing toward the opposite side of the plantation. A delimbing iron gate was used near the landing to remove limbs. At the landing, final delimbing and topping were completed with a chainsaw. The trees were loaded with a knuckleboom loader onto trailers.
DATA COLLECTION
Sample plots were used to determine the stand density before and after thinning. The stand contained 464 trees per acre before harvesting and 391 trees per acres after harvesting. Stand characteristics are. shown in table 2 and tree characteristics are shown in table 3.
Skidding data were collected for two days. Skidding distance, number of stems, bundles per cycle, and volume were measured on 26 cycle observations. Elemental times were recorded for consolidating bundles, travel loaded, travel empty, gate delimbing, and decking. A skidding cycle included all these elements except that in some cases bundles were not consolidated and only a single bundle was skidded. The time study data were summarized in table 4.
RESULTS
The data were analyzed using a computerized statistical package (SAS 1979) . Linear regression analysis was used to develop equations to predict time for traveling empty to the bundles, consolidating and grappling bundles for skidding, and traveling to the delimbing gate. The following prediction equation was developed by combining the prediction equations with mean times for the other elements of the total cycle. 0.12=-1.31 (regression intercept for bunching) +0.34 (gate delimbing mean) t-O.70 (mean travel time from gate to deck, round trip distance was 350 ft) +0.393 (deck time mean) Only with the larger skid loads over approximately 40 ft3 did the logger have any problems with gate delimbing. Travel time to the deck from the gate was dependent on the same fixed distance during the study. Adjustments to the total cycle time should be made for different distances between gate and deck. Deck time included dropping the load and turning around.
An equipment cost analysis using the standard method of computing straight line depreciation and average annual investment (Miyata 1981) is given in table 5. The cost per machine hour (pmh) is estimated to be $23.15 which includes fixed, operating, and labor costs.
SUMMARY AND CONCLUSION
Production rates and costs were determined for a Mor-Bell logger operating in a commercial thinning of a loblolly pine stand. For an average skidding distance of 600 ft, the hourly production was estimated to be 378 ft3. Assuming a machine cost of $23.15 per productive hour, the skidding cost would be $6.12 per 100 ft3 of wood (table 6) .
On level terrain, a volume of approximately 40 ft3 caused the lifting of the rear castor wheel and an increase in cycle time. The tricycle configuration and independent hydrostatic drive of the large wheels gave the machine excellent maneuverability within the stand. Bundles were easily consolidated with little observed residual stand damage. The ability of the logger in forming large bundles from small feller buncher bundles gave much flexibility to the feller buncher operation. 
